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Abstract. The model of construction organization alternatives, taking into account total energy consumption for a
construction process has been developed in the paper. An energy estimating procedure to identify the imbedded en-
ergy content in-process of construction and of in-site end building has been described. The procedure has been ap-
plied to a construction process to identify major areas of energy use and opportunities for better energy using. The
model includes applying game theory. A case study — selection of construction strategy of blockhouse flats, which are

presented.
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Introduction

The crisis around the world has contributed to the
saving of resources in all range of industries. Therefore,
issue of resource-saving in construction is also relevant.
Prices of energy are rising. Builders, construction compa-
nies and prospective customers look for the construction
with low use of energy, and need to optimize the con-
struction works. This problem is analised by many re-
searchers:

—  Sorrentino et al. (2010) presented the model for
simulation and optimal energy management;
Radhi et al. (2009) investigated impact of en-
ergy regulations on building comfort;

Juodis et al. (2009) investigated inherent vari-
ability of heat consumption in residential build-
ings.

Assessment of construction strategy taking in to ac-
count consumption of energy

Many authors investigated strategies for energy-
efficient construction (Gu et al. 2009; Diaz et al. 2009;
Lee and Lee 2009; Huang et al. 2009; Steemers and Yun
2009; Distefano and Belenky 2009):
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Gu et al. (2009) investigated strategies for en-
ergy-efficient housing developments and com-
bined them with Swedish experiences (from an
architect's perspective);

Diaz et al. (2009) explored energy saving sce-
narios for on-demand pressurised irrigation
networks;

Lee and Lee (2009) investigated the perform-
ance of building energy management bench-
marking using data envelopment analysis;
Huang ef al. (2009) presented energy consump-
tion balanced WSN routing protocol;

Steemers and Yun (2009) investigated house-
hold energy consumption;

Distefano and Belenky (2009) presented life-
cycle analysis of energy and greenhouse gas
emissions from anaerobic biodegradation of
municipal solid waste.

The strategies can be selected individually for each
case, considering overall building envelope, building
geometry, number of floors, orientation and etc. A strat-
egy selection is impacted by new technologies, worksite
conditions, building construction characteristics, com-
pany and the available resources. It is impacted by han-
dled machinery and equipment base, experience, avail-
able staff and etc.



For the strategy selection of construction process
taking into account energy consumption problem can be
solved considering two different conditions:

Technology — the choice of new energy-
efficient construction technologies;
Organization — reduce amounts of electricity-
intensive in construction process and etc.

The problem of energy consumption in construction
process is investigated and discussed by many authors:
Rowings et al. (1984) investigated energy use
in construction;

Ma et al. (2009) described modelling energy
consumption behaviours and changes in energy
intensity;

Zhu et al. (2009) investigated dynamic charac-
teristics and energy performance of buildings in
using phase changing construction materials;
Kalogirou (2009) investigation deals with en-
ergy applications in buildings;

Su (2009) investigated impact on energy effi-
ciency for a house with temporary heating and
winter daytime cross ventilation;

Magnier and Haghighat (2010) assessed build-
ing designs by applying multi-objective optimi-
zation;

Zheng et al. (2010) evaluated energy conserva-
tion in building.

Research methodology

For the strategy problem solution was selected the
game theory mathematical method. Application of game
theory for multiple criteria decision analysis in construc-
tion can be found in Peldschus et al. (1983, 2008b). Peld-
schus (1986, 2007a, b, 2009) analysed the effectiveness
of assessments in multi-criteria decision. Multi-criteria
optimisation system for decision making in construction
design and management was proposed by Turskis et al.
(2009). The methodology that was applied in this study
for problem solution is the game theory. The proposed
process provides a logical and scientific foundation in
which the values of decision makers and stakeholders can
be integrated.

The model of construction strategy selection taking
into account energy consumption by applying game the-
ory is presented in Fig 1.

With respect to construction, property development
and management the applications of game theory was
applied for different problem solution: Zavadskas et al.
(2003) presented the software for multiple criteria evalua-
tion; Zavadskas et al. (2004) solved problems of con-
struction technology and management; Peldschus and
Zavadskas (2005) investigated fuzzy matrix game in con-
struction; Homburg and Scherpereel (2008) developed
analysis for performance measurement; Ginevigius and
Krivka (2008) presented application of game theory for
duopoly market analysis; Peldschus (2008a) analysed
game theory application experience in construction man-
agement; Podvezko (2008) developed the problem in
building technology and management; TamoSaitiené et al.
(2008) proposed the model of contractor selection taking
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into account different risk level; Zavadskas et al. (2008)
developed the multi-criteria optimization software LEVI-
4.0; Gu et al. (2009) analysed Chinese strategies for en-
ergy-efficient housing developments from an architect's
perspective.

Development of preliminary framework
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Fig 1. Construction organization selection of taking
into account energy consumption

The Laplace rule was selected for the best construc-
tion strategy selection (Peldschus 1986):

S, ={ S, /S, eslmmaxuzauJ }
1 1:1

To reduce energy consumption and price of the con-
struction energy cost it should be used efficient in con-
struction process. This can be achieved by selecting the
most rational construction strategy. In general, energy
consumption at the construction site is calculated on the
basis of:

)

Requirement of energy consumption E;

Number of illuminators and floodlights is cal-
culated by proper lighting of intensity P pro-
files.

Also the numbers of the floodlight n must be deter-
mined (Zavadskas et al. 2009).

Zavadskas et al. (2009) presented the methodology
of construction energy consumption assessment. Work-
site is supplying with 380/220 V electricity power (380 V
electrical motors and other electrical power equipment,
220 V - for lighting, electric tools). Temporary networks
are designed to ensure a constant supply, so that the pools
of all consumers are minimized.

The requirement of energy consumption E of con-
struction processes is calculated as follows (Zavadskas et
al. 2009):
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where a — network power losing ratio, E4 — total engine
power for the construction material manufacture, kW;
E.— total energy for the construction technology,
power kW; E, — total energy power for the inside lighting
network; E; — total energy power outside lighting net-
work, KW; kg, ki, ks, ki — the ratio of loading, rating of
number contemporaneously working consumer; cose;,
cos¢, — the ratio of power.

The number of illuminator and floodlight is calcu-
lated according to lighting of intensity P (Zavadskas et al.
2009):

3)

where P — comparative lightning intensity of the work
place, Lx; E, — lightning standard, Lx (territory — 2 LXx,
security lightning — 0.5 Lx, emergency of the work
place — 1-3 Lx; emergency evacuation accident —
0.5 Lx); k ratio of the reserve (k = 1.5).
The number of the floodlight n is determined as fol-
lows (Zavadskas et al. 2009):
P-S

n= :
R

P =0.25E, -k,

(4)

where S — the area of the lightning territory, m% P; —
power of the floodlight, W.

Engine power and electricity needs are taken into
account by the special status and rates of load and power
factor — from manuals.

Case study: selection of construction strategy taking
into account total consumption of energy in construc-
tion site

The example deals with selecting strategy of the
building construction in Vilnius. The area of the construc-
tion site is 3500 m?. The building’s usable area is 850 m?,
building height — 20 m.

The construction strategies were formulated by ap-
plying different organization models of construction
processes. Each construction organization model was
described by parameters of energy consumption:
total engine power for the construction material
manufacturing — Eg;
total energy for the construction technology —
Ee
total energy power for the inside lighting net-
work — E,;
total energy power for the outside lighting net-
work — E;;
the number illuminators and floodlights is cal-
culated by proper lighting of intensity -P;
numbers of the floodlight —

The problem solution process (feaS|bIe alternatives,
initial decision-making matrix and normalised decision-
making matrix) is presented in the Table 1. The value of
E, P and n was calculated applying formulas 2, 3 and 4
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(Zavadskas et al. 2009). Optimization directions of all
selected criteria are the same — minimum.

The values of normalized decision-making matrix
are calculated by applying linear normalization method
(Zavadskas and Turskis 2008):

max x; — X; X; —minx;

i = i )7( = (5)
ij ; v % ; :
max x; —min x; max x; —minx;
Table 1. Initial decision-making and normalized decision-
making matrixes
[«5)
= Criteria
s
£ E P | n
< = E, Ei
Initial A; | 7520 | 5114 | 35.02 | 0.75 | 6
decision- | A, | 83.20 | 31.94 | 3652 | 0.70 | 5
making A; | 8470 | 29.84 | 3542 | 0.65 | 5
matrix A, | 7720 | 2504 | 3522 | 080 | 6
Norma- A; | 1.00 | 0.00 100 | 033 | 0
lized A, | 016 | 074 | 000 | 067 | 1
decision- "5 "1 000 | 082 | 073 | 100 | 1
making
matrix A, | 079 | 100 | 087 | 000 | 0O

The problem was solved by applying the software
for multi-criteria optimization LEVI-3.0. Problem’s solu-
tion results are presented in the Fig 2.

Glnstigste Variante nach Laplace: 3

VAR Eg
84700 |
77.200

83.200

Ev Ei |
35,420
35.220

36.520

P
(0.650
(0.800
0.700

»_|
5.000
£.000
5.000

| Ergebnis
0.710
0.521
0.512

3
4
2

23.840
26.040
31.940

1 75200 51.140 35020 0.750 6.000 0.467

Fig 2. Solution results

The feasible
A-A A >-A.

It can be stated that the best alternative is the third
alternative with the result 0.710, and the worst alternative
is the first alternative with the result 0.467.

alternatives rank as follows:

Conclusion

In the paper is presented newly developed model for
selection of construction strategy taking into account total
consumption of energy in construction processes. For this
reason is determined set of criteria, selected decision
making method — game theory (Laplace rule) and pre-
sented practical example, which was applied in practice.
The proposed model allows to analysers and decision-
makers to select the best alternative. The feasible alterna-
tives can be ranked according too.
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